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FUHDWLYH SUREOHP VROYLQJ VKRXOG FKDUDFWHUL]HPDQ LQ DQ\ VLWXDWLRQ DW VFKRRO LQ IDPLO\ VRFLHW\  WR UHDOL]H D
SV\FKR SHGDJRJLFDO UHVHDUFK FRQFHUQLQJ VROYLQJ SUREOHPV FRPELQLQJ WUDGLWLRQDO  PHWKRGV ZLWK DFWLYH
FRRSHUDWLYHPHWKRGVDQGSURFHGXUHVWRSURPRWHWKHLGHDWKDWWKURXJKVROYLQJ0DWKVSUREOHPVE\UHGXFWLRQDG





LW¶V UHFLSURFDO LVQ¶W FRPSOLFDWHG WKH GLUHFW WKHRUHP DQG WKH FRQWUDU\ RI LW¶V UHFLSURFDO DUH HTXLYDOHQW 7KH
PHWKRGE\ZKLFKZHGRQ¶WGHPRQVWUDWHWKHGLUHFWWKHRUHPEXWWKHFRQWUDU\RILW¶VUHFLSURFDOLVFDOOHGUHGXFWLRQ
DGDEVXUGXPPHWKRG7KLVPHWKRGLVEDVHGRQWKHHTXLYDOHQFH  STTS olo 
5HGXFWLRQWRWKHDEVXUG'HVFULSWLRQDQG$SSOLFDWLRQV
5HGXFWLRQDGDEVXUGXPGHPRQVWUDWLRQPHWKRG UHGXFHV WR WKH IROORZLQJDSDUWLFXODU VHQWHQFH LV WDNHQDVD
VWDUWLQJSRLQW DQGXVLQJ WKH WKHRUHP D VHULHV RI FRUUHFW V\OORJLVPV LV FUHDWHG)ROORZLQJ WKHVH V\OORJLVPVZH
DUULYH DW D FRQWUDGLFWRU\ SURSRVLWLRQ &RPSDUHG WR DQ D[LRP RU DQRWKHU NQRZQ WKHRUHP HWF 6R LI RXU
K\SRWKHVLVZHUH WUXH WKHQ IROORZLQJ WKHFRUUHFW ORJLFDO UHDVRQLQJ LWZRXOGKDYH WR UHDFKD WUXHFRQFOXVLRQ$
IDOVHFRQFOXVLRQLVGLVFRYHUHGEHFDXVHWKHLQLWLDODVVXPSWLRQZDVZURQJ




%'  WKHQ >$' LV ELVHFWRU IRU DQJOH %$&
0XWXDO ELVHFWRU WKHRUHP'HPRQVWUDWLRQ6XSSRVH WKDW >$' LV QRW ELVHFWRU IRU DQJOH %$& DQG OHW WKHUH EH

























+\SRWKHVLV ED  DQG $D   D &RQFOXVLRQ z DE  'HPRQVWUDWLRQ 6XSSRVH WKDW D GRHV QRW
LQWHUVHFW E 7KURXJKDQDUELWUDU\SRLQW E% DQGWKHJLYHQOLQH D ZHWDNHSODQHJ 6LQFHD DQG J KDYHD
PXWXDOSRLQW$DQGJ DQG E DPXWXDOSRLQW%SODQHVD DQGJ DVZHOODV J DQG E LQWHUVHFW/HWWKHUHEH
DJ  D DQG EJ  E /LQHV D DQGEKDYHQRFRPPRQSRLQWVEHFDXVHD DQG E DUHSDUDOOHOSODQHV
7DNLQJ LQWRDFFRXQW WKDW D DQGE EHORQJ WRSODQ J ZHFRQFOXGH WKDW ED   %XW WKH OLQHV D DQG E KDYH
FRPPRQSRLQWV E\DVVXPSWLRQ OLQH D GRHVQRW LQWHUVHFWSODQH E  VR LWGRHVQRW LQWHUVHFW  OLQH E HLWKHU DQG
WKH\EHORQJ WRSODQH J 7KHUHIRUH  )URPDQG UHVXOWV WKDW WZR OLQHVSDUDOOHOZLWK OLQH E SDVV
WURXJKSRLQW$WKDWGRHVQ¶WEHORQJ WR OLQHE%XWZHNQRZWKDW LW LV IDOVHDQGKHQFHRXUDVVXPSWLRQ LV IDOVH
7KHUHIRUH z DE  7KH WKHRUHP LV SURYHG'HPRQVWUDWLRQV DUH NQRZQPXWXDO DQG UHFLSURFDO WKHRUHPRI
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0HQHODRV
V  WKHRUHP VWLOO VRPHWKLQJ PDGH E\ UHGXFWLRQ WR DEVXUGLW\ )URP JHRPHWU\ ZH ZLOO JLYH WKH QH[W
H[DPSOHV
([DPSOH,WLVFRQVLGHUHGWKHWULDQJOH$%&DQGWKHSRLQWV./0VLWXDWHGRQ$%%&$&DQGGHILQHGE\
WKH SHDNV RI WKH WULDQJOH'HPRQVWUDWH WKDW DW OHDVW RQH RI WKH DUHDV RI WULDQJOHV0$/.%0 /&. GRHV QRW
H[FHHGDTXDUWHURIWKHWULDQJOH$%&DUHD>@'HPRQVWUDWLRQ:HKDYH

ÖVLQ $$&$%6 $%&   
























































































7KHVHOLQHVLQWHUVHFWVXFKDV$$¶ &&¶ ^'`$$¶ %%¶ ^/`%%¶ &&¶ ^(`:HDVVXPHWKDWWKH
WULDQJOH'(/LVHTXLODWHUDO)URPWKHUHFWDQJXODUWULDQJOH&'$¶ZHJHWP%'&$¶ VRP% & DQG
WKHQP% %¶&( %XWP% '(/{P% %¶(&RSSRVHGWRWKHWRSWKHQP% %¶(& ,Q' %¶(&











7KH H[SHULPHQW WRRN SODFH GXULQJ WKH VHFRQG VHPHVWHU LQ WKH VFKRRO \HDU   SXSLOV EHLQJ
LQYROYHG DQG FRPLQJ IURP WKH J\PQDVLXP VFKRRO $OO WKH SXSLOV LQ WKH IRUPV ZHUH XVHG EHLQJ FRQVLGHUHG
H[SHULPHQWDOUHSUHVHQWDWLYHDQGUHOHYDQWIRUPVIRUWKHREMHFWLYHVRIWKHUHVHDUFK
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 7KHLQLWLDODVVHVVPHQWVWDJHWRRNSODFHEHWZHHQ-DQXDU\)HEUXDU\LWVREMHFWLYHZDVWKHGLDJQRVLV
RIWKHLQWHOOHFWXDO OHYHO WKHSUHSDUDWLRQRIWKHUHVHDUFKDFWLYLW\WRNQRZWKHVWDUWLQJSRLQW'XULQJWKHSHULRGLW
ZDV DSSOLHG WKH LQLWLDO WHVW RI WKH WZR JURXSV HQYLVDJLQJ WKH SXSLOV¶ OHYHO WKH FRQGLWLRQV LQ ZKLFK WKH\ FDQ
LQWHJUDWH LQ WKH DFWLYLW\ WR EH GRQH .QRZLQJ WKH SXSLOV¶ FDSDFLW\ WKH FRPPDQG RI WKHLU NQRZOHGJH DQG WKH
QHFHVVDU\ DELOLWLHV WR DFTXLUH WKH FRQWHQWV RI WKH IROORZLQJ VWDJH LV D GHFLVLYH FRQGLWLRQ IRU WKH VXFFHVVRI WKH
GLGDFWLFDFWLYLW\
 7KHIRUPDWLYHVWDJHWKHLQWURGXFWLRQRIWKHSURJUHVVIDFWRUWRRNSODFHEHWZHHQWKH±QGRI)HEUXDU\
VW RI0D\  7KLV VWDJH FRQVLVWHG LQ SODQQLQJ RUJDQL]LQJ DQG GLVSOD\LQJ DW0DWKV LQWURGXFWLRQ RI WKH



















 .QRZLQJ WKH OHYHODFTXLUHGE\ WKHSXSLOVKHOSHG WKHXQGHUJUDGXDWHV WRGHWHUPLQH WKHSRVLWLYHDVSHFWV WKH
JDSVLQDFFRUGDQFHZLWKWKHREMHFWLYHV7KXVWKH\VSHFLILFDOO\QRWLFHGKRZHYHU\SXSLOVROYHGWKHSUREOHPVWKH
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GLIILFXOWLHVWKH\KDGLQVROYLQJWKHPLQRUGHUWRLPSURYHWKHPRUHYHQHOLPLQDWHWKHPWKURXJKWKHKHOSRIOHDUQLQJ
VLWXDWLRQVRUJDQL]HGGXULQJWKH0DWKVOHVVRQ$WWKHVDPHWLPHWKHUHVXOWVRILQYHVWLJDWLRQFRQILUPWKHK\SRWKHVLV
WKDW LI ZH XVH DQG WXUQ WR JRRG DFFRXQW WKH LQ DOO OHVVRQ VWDJHVZKLOH WHDFKLQJPDWKHPDWLFV LQ WKH VHFRQGDU\
VFKRROWKHQDOOWKHOHVVRQVZLOOEHHIILFLHQWDQGWKHUHVXOWVRIWKHSXSLOVEHWWHU
7KH UHVXOWV REWDLQHG WKURXJK WKHXVHRI WKHSURRIV OHG WR WKH IROORZLQJ ILQGLQJV WKHGHPRQVWUDWLRQV DQG
WKHLU XVH EHORQJ WR WKH PRWLYDWLRQDO VLWXDWLRQ EHLQJ HIILFLHQW EHFDXVH WKH\ PRELOL]H WKH XQGHUJUDGXDWHV DQG
WKHUHIRUHWKHVWXGHQWVZKHQWKH\WHDFKWKHREWDLQHGGDWDGHPRQVWUDWHGWKDWWKHUHVXOWVDUHVXSHULRULQDOOWHVWV
ZLWKUHGXFWLRQDGDEVXUGXPPHWKRGGHPRQVWUDWLRQVDQGXVHWKH\DFWLYDWHGWKHXQGHUJUDGXDWHVZLWKSRRUUHVXOWV












7KH DUWLFOH RIIHUV WKH FRQFHSWXDO IUDPH DQG WKH QHFHVVDU\ PHWKRGRORJLFDO UHIHUHQFHV IRU WKH IXWXUH KLJK
VFKRRODQGVHFRQGDU\0DWKVWHDFKHUV¶WUDLQLQJWKURXJKWKHLQLWLDOIRUPDWLRQ7KHPDWHULDOLVXVHIXOWRRIRUWKRVH
SUHSDULQJ   WKHLU0DVWHU'HJUHH DQG IRU WKRVHZKR DUH DW WKH EHJLQQLQJ RI WKHLU FDUHHU RU WKRVH SUHSDULQJ  WR
EHFRPHWHDFKHULQRUGLQDU\RUWKRVHSUHSDULQJWKHLUVHFRQGGHJUHHH[DP
7KH JHQHUDO SUREOHPV RI SV\FKR SHGDJRJ\ DQG WKH RQHV VSHFLILF WR WKH SURFHVV RI WHDFKLQJ OHDUQLQJ DQG
DVVHVVPHQW LQ0DWKHPDWLFV DUH FRKHUHQWO\ FRQQHFWHG EHLQJ EDVHG   ERWK RQ D YDVW GRFXPHQWDWLRQ DQG RQ WKH
DXWKRU¶VGLGDFWLFH[SHULHQFH
7KHXWLOLW\RIWKHDUWLFOHLVLQFUHDVHGE\WKHJUHDWQXPEHURIDGHTXDWHH[DPSOHVIURPWKHPHWKRGRIVROYLQJ
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